. Comparison of TDDFT and MS-RASPT2 at GS S0 geometry 1 1 0 for the non-reduced dye. Left: comparison for dissociative states with RASDiss. Right: comparison for CT states with RASCT. Colour code: singlet ground state (black), excited singlet state (blue), dissociative singlet state (red), triplet state (green), dissociative triplet state (orange), triplet CT state (cyan).
Figure S2.
Comparison of TDDFT and MS-RASPT2 (RASDiss and RASCT) states at singly reduced GS D0 geometry 2 1 −1 . Colour code: doublet ground state (black), excited doublet state (blue), dissociative doublet state (red), CT doublet state (green), dissociative quartet state (orange), CT quartet state (cyan). Table S1 . TDDFT calculated vertical excitation energies (E), wavelengths (λ), oscillator strengths (f), and singly-excited configurations of the main excited singlet-singlet and singlet-triplet transitions involved in the initial absorption of 1 1 0 within the Franck-Condon region.
Transition
Weight / % E / eV λ / nm 
5.99 207 -Diss Table S3 . Vertical excitation energies (E), wavelengths (λ), oscillator strengths (f), and singly-excited configurations of the main excited singlet-singlet and singlet-triplet transitions involved in the initial absorption of 1 1 0 within the Franck-Condon region. Calculated at the MS-RASPT2 level of theory using RASCT and a level shift of 0.3 a.u. Table S7 . SOC between the bright S1 and CT states. Calculated at the MS-RASPT2 level of theory using RASCT in 1 1 0 geometry. Figure S3 . Vibrational modes at GS geometry 1 1 0 corresponding to a torsion around the main/side ring dihedral. Table S8 . SOC for 1 1 0 at a torsion of 55° (C2 symmetry) obtained by RASPT2 with RASCT and a level shift of 0.3 a.u.
Light-induced charging of the PS
Transition E / eV Character SOC with S1 / cm −1 T1 (B1) π3(a2) → π4 * (b2) 1.90 HOMO → LUMO - T2 (B1) π2(a2) → π4 * (b2) 3.04 HOMO-1 → LUMO - T7 (A2) πph,2(b2) → π4 * (b2) 4.93 CT 5.3 T8 (B1) πph,3(a2) → π4 * (b2) 5.09 CT - T10 (B2) π3(a2) → πph,5 * (b1) 5.51 CT 0.0 T11 (A1) π3(a2) → πph,4 * (a2) 5.52 CT 0.5
Transition

E / eV
Character SOC with S1 / cm −1 Figure S4 . Vibrational modes at GS geometry 2 1 −1 corresponding to a torsion around the main/side ring dihedral. Table S9 . SOC between the bright S1 and dissociative states. Calculated at the MS-RASPT2level of theory using RASDiss in 1 1 0 geometry.
Transition
E / eV
Character SOC with S1 / cm −1 Figure S6 . PESs along the unrelaxed doubly dissociative (C-I) coordinate for the non-reduced dye. These potentials were calculated at the MS-RASPT2 level of theory using RASDiss and a level shift of 0.1 a.u. The unrelaxed coordinate was chosen to maintain the C2v symmetry and thus reduce the computational costs. The reported energetic shift between RASPT2 and TDDFT can best be seen through the shift of the crossing point between S1 and the dissociative states towards higher excitation energies and longer elongations compared to the TDDFT results in Figure S5 . Colour code: singlet ground state (black), excited singlet state (blue), dissociative singlet state (red), triplet state (green), dissociative triplet state (orange). Figure S7 . SOCs for the diabatic potentials along the unrelaxed doubly dissociative (C-I) coordinate between the S1(B1) state and the two dissociative triplet states, T5(A2) (above) and T6(B2) (below); calculated at the MS-RASPT2 level of theory using RASDiss. Figure S8 . Quadratic potentials according to Marcus theory with energy difference (ΔE), and reorganization energy for initial (λi) and final (λf) geometry. Left: For an ISC from S1 at GS geometry 1 1 0 to T7 at its excited state geometry; mono-dissociation. Right: For an ISC from S1 at GS geometry 1 1 0 to T8 at its excited state geometry; di-dissociation. Table S10 . Results for ISC between S1 / T7 and S1 / T8 based on Marcus theory and Equation 1. f = final and i = initial, representing the geometry from which the reorganization energy was taken. 
S1 (B1) to T7(A2) to T8(B2)
ΔE
